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External morphological characters have long been used for 
classifying organisms, and they still are of primary importance in 
this scie~ce. Ever since Ll.nnaeus' great application of binomial 
nomenclature, man has relied on certain distinctive f eature·s for 
classifying his specimens. As time continued, and as man pro-
gressed in his scientific endeavors he found that interal as well 
as external differences could be used as taxonomic criteria. 
More recently, within the last half century, the use of inter-
nal characters has been expanded, particularly in the field of 
entomology. Great strides have been made in classifying insects by 
their internal genitalic differences; however, not applicable, nor 
even needed in some orders, it has became one of the standards in 
the sub0rder Homoptera. An example of this influence and the prog-
ress that has ensued is shown by Oman (1949), stating that at the 
turn of the century fewer than 500 species of Cicadellidae were 
described; this figure had been augmented to approximately 2,400 
species by 1949. 
The shape of the cephalic and thoracic sclerites, the degree 
of development and venation of the wings, as well as the male genital 
structures have been some of the most useful structures for the 
classification of genera and higher groups; however, since this 
study centers on a single species, the method employed to determine 
if varietal distinctions exist must be accompanied by other taxonomic 
differences. 
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Richards (1938) points out that large advances in the theory 
of species-formation would be possible if on]y those character s 
capable of linear measurement had been fully recorded in a wide 
range of species. He goes on to stress tha need for such applica-
tion, and suggests that for many purposes taxonomic analysis could 
be confined to character s capable of easy quantitative expression. 
Many recent papers have dealt with linear measurement. For example 
Hepner (1947) employs linear measurements correlated with both internal 
and external morphological features for taxonomic revisions. 
This study, which covers a single species that has a nation-
wide geographical distribution, was begun in order to determine if 
varieties could be found on the basis of linear measurements of the 
internal morphological characters that are presently deemed valid. 
In addition, external characters were used. 
Related Studies 
With the employment of the genital structures for classifi-
cation, there has been a rebirth to the systematics of leafhoppers 
that has led to discovery of new species (Fig. 1). Impetus to t he 
students of leafhoppers was probably given by Van Duzee, who was 
one of the early pioneers 0f this field. Many have followed and 
the innumerable list is headed by such far-sighted men as E. D. 
Ball; and his more recent followers, D. M. DeLong and R.H. Beamer, 
and their associates. However, ·credit is due ito the many others who 
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have so greatly contributed to the refinements in present techniques. 
These techniques are the foundation of all recent taxonomic 
work, for if the organs measured are not · · properly arranged 
e''rroneous results arise that may be confusing. Many of the procedures 
used have been adapted from these studies, and time permitted the 
elimination of ce~tain methods (e.g., the actual measuren:ent of the 
organs was taken through the microscope, eliminating the use of 
photographs). 
METHODS OF STUDY 
Equipment Used 
The following pieces of equipment were used: a dissect:ing 
microscope, for separating and dissecting speciments; a compound 
microscope, for me asuring the compared parts; three dissecting 
need.Jes, one fine for removing the abdomen, and two very fine for 
dissection ( one point bemht to a 100° angle); a metal loop, for 
transferring t he genital capsules; four small glass containers; 
a concave microscope slide for dissection of specimens in glycerine; 
and an art gum eraser, provided with a hole one-half inch deep, one 
sixteenth inch in diameter, to receive the inverted specimen pins; 
nuwoscope slides for the temporary mounts; cover glasses (15 mm. 
circles) ; Microscope slide labels; roicrovials (4.5 x 10 mm.), 
and cork stoppers; a coarse ocular scale, for measuring crowns; 
an ocular micrometer for measuring the genital characters; 
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drawing paper for sketches and diagrams; linen cloth for cleali.ng slides 
and cover glasses; a pair of thumb forceps for placing cover glasses; 
blotter; photographic equipment and accessories for photomicrograpcy 
and photograpby of drawings. 
Obtaining and Grouping of Specimens 
In the fall of 1951, four boxes of insect specimens of 
Scaphytopius (Cloanthanus) acutus (Say) were procured from Dr. Leon W. 
Hepner, many of these belonging to his personal collecti9n, while the 
remainder came from the collection of the Francis HuntingtQP Snow 
Insect Musewn collections. The male specimens were separated from 
the group and placed in different boxes. 
Following the separation, the potential specimens for study 
were separated into two series by the relati ve length of their crowns, 
this being accomplished by using tre coarse ocular scale and dividing 
the insects arbitrarily into a short-crown group (shorter t han 3.5 
units) and a long-crown (3.5 units or more) group. Many of ~he insects 
bordered near the extremes of t he scale (i.e., a mininru.m of 2 . 6 and 
a maximum of 4.7). Because of t he wide geographical distribution 
they were placed in two groups: (1) according t o localities, or 
ar eas, and ( 2) in random groups, affiliated with no particular 
group. 
Seventy specimens, one half from each long-crown and short-
crown series were selected for dissection, with about two thirds of 
these from specific areas and the remainder chosen from the 11 random11 
groups. 
PYGOFER 






SCAPHYTOPIUS (CLOANTHANUS) ACUTUS (SAY) 
Fig. 1. 
capsule with 
(After D. M. 
14. 
Diagram of two aspects of the genital 
all organs in their respective positions. 
DeLong.) Definition of organs on page 
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Dissection and Preparation of Genitalia 
Each specimen to be dissected was inverted, and the head of 
the mounting pin pushed into the art gum ~raser hole until the 
dorsum of the insect was firm]y against the rubber surface. Under 
the dissecting microscope the entire abdomen was removed, or if 
this was impossible, the latter portion was removed, care being 
taken to include at least the last three segments (Figo 2). The 
abdomen was then placed into a microvial that was filled with a 
3 mm. depth of a 10% solution of Potassium Hydroxide, leaving 
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enough space between the stopper and the meniscus of the KOH to 
prevent discoloration of the abdomen from the moistened cork. A 
dual purpose is served by the KOH: (1) it softens the sclerotized 
parts so that manipulation can occur without breakage, and (2) it 
has a clearing effect on the genitalia color, enabling the stain to 
be more effective. 
The specimen and the genitalia were kept together by in-
serting the pin into the stopper of the microvial and storing in 
a vertical position (Fig. 3). 
After twenty-four hours the genitalia were removed and rinsed 
in successive baths of distilled water for ten, three, and two minutes 
respectively; however, when time permitted, and maey insects were 
being dissected in order, the time was lengthened by having more 
bathing containers and moving each genitalia successive]y toward 
the final bath. As the capsule was picked up by the loop from the 
B 
Fig. 2. Removal of the abdomen of the insect 
on the eraser mount. (a). The dissecting needle 
being pushed through the abdomen, posterior to the 
thorax. (b). The abdomen, free of the insect. The 




Fig. 3. View of the abdominal segments being prepared for 
dissection. Upper tier, the segments soaking in potassium hy-
droxide. In the lower tier, the genital capsules are being 
stained in a one and one-half per cent solution of aqueous mer-
curochrome. 
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final bath, it was quickly touched upon the blotter to remove the ex-
cessive water. The capsule was then placed on the concave slide, and 
covered with two drops of glycerine. The consistency of the glycerine 
permitted a certain amount of movement, yet gave a degree of stabiliza-
tion to the capsule, keeping it in the desired positi on during dissec-
tion. The capsule was then oriented so that the fine needle could be 
placed into the ventral region just anterior to the capsule which then 
could be gently teased f rom the remainder of t he abdomen which was 
being held down (Fig. 4). Occasionally, parts of t he adjoining 
segments remained attached to the capsule, and these were held down 
while the capsule was rolled away. At the union of the pygofer and 
the plate, the needles were inserted and were used to pull one of 
the connections apart. The capsule, free of the abdomen and partial]y 
dissected, was ready for staining. 
Staining and Mounting of Genitalia 
The sane microvial, used th~oughout for each procedure of t he 
same insect, was washed and thoroughly dried before being refilled 
with other liquids. The capsule was again passed through two succes-
sive baths in order to remove the glycerine, after which it was 
inserted into the mierovial, this time being immersed in a 1.5 per 
cent aqueous mercurochrome solution for staining. Periods of from 
twelve to twenty-four hours staining time proved satisfactory (Fig. J} . 
After the staining had been completed, the capsule was removed, 
Fig. 4. Disengaging the genital 
capsule from the abdomen. The dissecting 




washed in successive baths and excessive water blotted before being -
placed on the mounting slide. Glycerine, used for the temporary 
mounts that were needed in this study, was applied in a small drop 
to the slide, and the capsule immersed in it. 
The final dissection crone about by removing the remaining 
connection of t he pygofer and valve. This was accomplished in the 
same manner as the first separation described above. In order to 
expose the aedeagus it was necessary to pull t he anal tube from t he 
pygofers to which was connected the aedeagus. Freed of excessive 
debris, and t he anal tube, the aedeagus was placed in a lateral 
position. Accompanying t h is was the orientation of t he pygofers 
in a flattened position (dorsal side up), and fixation of the 
component organs (i.e., the styles, the plates, and t re val we) 
in a parallel position to the pygofer for acc.essible study (Fig. 
5). 
A cleaned cover glass was then slowly placed upon the drop 
of glycerine, care being taken to encl-ose no bubbles. The organs 
were checked for proper position for correct measurement. (Fig. 6). 
Upon the slide was fastened a label with a number. A tag with 
the smne number was fixed to the pin of the specimen dissected. 
This kept the genitalia and insect in respective order. An n:sn 
prece~ded all the numbers of tbe short-crown series, while for 
tre long-crown series an "L" was used. It was imperative that 
the temporary slides be kept in a horizontal position since aey 




Fig. 5. The genital capsule of an "exploded" view 
showing the component parts. 
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Fig . 6. Photomicrograph of the mounted parts of 
the genital capsule exposed for measurement and study . 
movement of the cover glass followed by a loss or distortion of the -
organs mounted. 
Terminology 
The following definition of terms includes those of major 
taxonomic significance. The terminology follows that of Hepner 
(1947) and Oman (1949). 
aedeagus the phallic organ of the male leaf-
hopper, a tubular structure, usually sclerotized, carrying the 
ejaculatory canai. 
apical process the distal portion of the style, usually 
characterized by being narrow in proportion to the style, and slight-
ly curved. 
crown the entire dorsal surface of the head 
exclusive of t he eyes, and sometimes termed the vertex. 
genital capsule the area bounded _dorso-lateral]y by 
the 9th tergite and the pygofers, and ventrally by the valve and 
the paired distal plates. 
paraphysis •••.••••• one of the paired processes accessory 
to the aedeagus. 
plate ••••••••••••• one of the paired ventral plate-like 
processes forming the ventral surface of the genital capsule, housing 
the internal genitalia. 
pYgofer •••••••••••• one of the paired apical (dorsal) 
processes of the capsule, originating from the ninth abdominal 
segment. 
style • • • • • • • • • • one of tre paired clasping structures 
comprising the inner male genitalia. 
15 
valve •••••·•••• the anteri or-most portion of the genital 
capsule forming t he ventr al bounds, to which are fastened the . paired 
plates. 
vittae the pale lines or markings of a color 
pattern; referred to in this study as those of the crown. 
Systematic Characters and Measurerrents Used 
As previ ously stated, the criterion for specific distinction 
is the male genitalia, coupled with this should be external morpholog-
ical traits of sufficient cons i stency. The attempt in this study was 
to find whether external features could be correlated with the internal 
genitalia giving varietal dif ferences . Selected for external characters 
were the crown length and t he vittae arcuations of the crown. These 
appeared constantly throughout the species. Only two groups could 
be formed on the size of the vertex, and this, as earlier mentioned, 
was in short-crown and long-crown series, the distance being from 
the anterior-most pro jection of the pronotum to the anterior tip of 
the vertex. The arcuate vittae were in three distinct groups ; (1) 
parallel, with no markings; (2) true arcuate, convex, with no 
markings; and (3) discontinuous arcuate, convex, with dark markings 
(Fig. 7). 
The internal characteristics wer e more distinct, and discern-
ment was facilitated. The organs used for ratios were as follows: 
PARALLEL ; 
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Fig. 7. Drawing of the three main distinctions on 
the crown; slightly emphasized to show the general nature 
of the color markings. 
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(1) the style, (a) the narrowest width of the body proper; (b) the -
widest width of the body proper distal to the narrowest width; (c) 
the length of the apical proeess (i.e., from its basal depression to 
the tip); ( d) the overall length of the style from its basal de-
pression to t he end of the apical process. (2) the aedeagus, measured 
from its inner margin to the ventral rim of the ejaculatory orifice 
(fig. 8). 
Measurement of the styles, apical processes, and the aedeagus, 
was taken through the microscope by using the ocular micrometer. 
Each line of the scale was cons i dered as one unit; t herefore, each 
organ was measured by the same arbitrary scale. In some of the 
following tables it will be noticed that the ratio of t:00 widest 
width as well as the narrowest width was used. This is explained 
later in the results. To arrive at a ratio, the smallest width (or 
widest, as stated) was divided int o the length of the compared organ 
and the resulting quotient was used as t:00 ratio; hence, the divisor 
was always considered numerically as one, and does not appear in the 
tables of comparison. Sime the same scale was used consistently 
throughout (through the compound microscope) the actual distance 
between the ocular micrometer lines was insignificant. The ocular 
micrometer should not be confused with the coarse ocular scale used 
on the dissecting microscope for separating the crowns. To avoid 
parallex, the cover ,glass was pressed lightly to insure that the 
organs were in a flattened position. In addition to this, an 
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LATERAL ASPECT 
OF AEDEAGUS 
SCAPHYTOPIUS (CLOANTHANUS) ACUTUS (SAY) 
Fig. 8. Sketch of the systematic characters used, 
and the areas that were measured. The 11D11 represents 
the distance, between the arrows, that was used. 
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organ, or area, throughout the measuring as shown in Fig. 8. Inter- ~ 
polation of the lengths of each organ were made when they were vari-
able; otherwise, the left style was always used. 
RESULTS 
Short-Crown Series 
Ratio of Narrowest Style Width to other Style Regions 
The ratio of the narrowest style width to t he apical process, 
style length, and the widest style width may be seen in Table Ia. 
They are arranged with the largest ratio of the apical process first, 
it being 2.4 times the length of its respective narrowest style width. 
Following t his arrangeroont it was noticed that as the apical pr ocess 
ratio decreased, the tendency far the style length was to follow pro-
portionally , but as this took place , t he widest width did not change 
vecy much. The maximum change for the latter i n the whole series was 
onzy- .4 of a unit. This is due to the nearness in t he si ze of the 
narrowest and widest width, and each fracti on has a greater i ncrease 
on t he size of the proportion of these two than on t he other larger 
organ lengths*. Therefore, as the style and its apical process become 
longer, there was no proportional i ncrease in the width of the style 
-lt'I'he quotient was ~ rried to the nearest tenth, and it was 
augmented 1 if the hundredth integer was 5 or more. 
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·TABLE Ia 
RATIO OF NARRCMEST WIDTH OF STYLE TO APICAL PROCESS, STYLE 
LENGTH, AND WIDEST WIDTH OF STYLE IN SHORT-CROWN SERIES; 
ARRANGED IN DESCENDING ORDER OF· APICAL PROCESS 
Spec. No. Apical Process Style Length Widest Width Location 
S-31 2.4 8.9 1.4 Cheboy*., Mich. 
S-32 2~3 7.8 1.4 Cheboy. , Mich. 
S-30-R# 2.2 8.4 1.3 C1dr. R., Mich. 
S-34 2.2 8.4 JL.2 Cheboy. Mich. 
S-28-R 2.2 8.3 1.4 Two Har., Minn. 
S-20 2.2 7.8 1.3 Brule, Wis. 
s-16 2.1 8.2 1.4 Brule, Wis. 
S-23- 2.1 B.o 1.4 Keld, Manitoga 
S-27-R 2.1 7.6 1.2 Cooley, Minn. 
S- 1-R 2.0 8.2 1.3 Wash. Co., Ark. 
S-35 2.0 8.2 1.2 Cheboy, Mich., 
S-17 2.0 7.6 1.3 Brule, Wis. 
S-24 2.0 7.3 1.4 Keld, Manitoba 
S-22 1.9 8.4 1.6 Keld, Manitoba 
S-18 1.9 7 .7 1.2 Brule, Wis. 
S-19 1 •. 9 7.4 1.2 Brule, Wis. 
S-14-R 1.9 7.3 1.2 Cheboy, Mich. 
s- 6 1.9 6.5 1.2 Sp 1 gf 1d., Vt. 
S-11-R 1.8 7.5 1.2 Br 1t. Wds. N.H. 
s- 9 1.8 7.3 1.3 Sp I gf I d. , Vt. 
S-33 1.8 6.7 1.3 Cheboy., Mich. 
S-21 1.8 6.6 1.4 Keld, Manitoba 
s- 7 1.8 6.8 1.3 Sp'gf'd., Vt. 
S-13-R 1.8 6.2 1.5 Leonard, N.D. 
S- 4-R 1.1 7 .2 1.3 Tokio, N~D . 
S-25 1.7 7.2 1.2 Keld, Manitoba 
S-10 1.7 6.7 1.3 Sp I gf 'd., Vt. 
S-26-R l.5 6.9 1.3 Merritt, B.C. 
S- 2-R 1.5 6.7 1 • .5 Cheboy. Mich. 
S-29-R 1.4 6.6 1.3 Republ. , Wash. 
S-12-R 1.4 6.5 1.4 Well 1ton, Utah 
S- 5-R 1.4 6.4 1.2 Repulb., Wash. 
S- 3-R 1.4 6.2 1.3 Hamar, N.D. 
S-15-R 1.3 6.5 1.3 Campo, Calif. 
* Abbreviations for locations on page 21. 
# Denotes those selected from the "Random II group. See text for 
explanation. 
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itself. This is particularly noticeable on the last reven specimens, 
they being almost identical in widest style width and apical process 
length. 
Table Ib is similar to Table Ia with the exception that the 
arrangement of t he specimens is by style length. This shows that the 
general tendency is not altered and t hat the organisms retain t heir 
same r elative positi ons in both tables (with slight variations be-
cause sorre of t he organisms do not conform perfectly). 
Inconsistent with the proportional. decrease was the geographi-
cal locations. The Michigan-Minnesota area, well represented in the 
larger sizes was also seen well scattered throughout the tables as 
the apical process size decreased. Maey factors could account for 
this, however, it may have arisen from different ecological areas 
within the region of collection (Cf., in the discussion). 
The abbreviations used in the following tables, other than 
standard, are as follows: 
B. C. 
Br't. Wds • •••••• 
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RATIO OF NARROWEST WIDTH OF STYLE TO APICAL PROCESS , STYLE 
LENGTH, AND WIDEST WIDTH OF STYLE IN SHORT-CROWN SERIES: 
,ARRANGED IN DESCENDING ORDER OF STYLE LENGTH 
Spec.No. Style Length Apical Process Widest Width Location 
S-3 8.9 2.4 1.4 Che boy. ,Mich. 
S-30-R 8.4 2.2 1.3 C 'dr .R. ,Mich. 
S-34 8.4 2.2 1.2 Che boy. ,Mich. 
s-22 8.4 1.9 1.6 Keld, Manitoba 
S-28-R 8.3 2.2 1.4 Two Har. ,Minn. 
s-16 8.2 2.1 1.4 Brule, Wis. 
S- 1-R 8.2 2.0 1.3 Wash. Co.,Ark. 
S-35 8.2 2.0 1.2 Che boy. ,Yd.ch. 
S-23 8.o 2.1 1.4 Keld, Manitoba 
S-32 1.e 2.3 1.4 Che boy. , Mich. 
S-20 1.8 2.2 1.3 Brule, Wis. 
s-18 7.7 1.9 1.2 Brulei, Wis. 
S-27-R 7.6 2.1 1 . 2 Cooley,Minn. 
S-17 1.6 2.0 i .. 3 Brule,Wis. 
S-11-R 7.5 1.8 1.2 Br 1t.Wds., N .H. 
S-19 7.4 1.9 1.2 Brule, Wis. 
S-24 7.3 2.0 1.4 Keld,Manitoba 
S-14-R 7.3 1.9 1.2 Che boy. , Mich. 
s- 9 1.3 1.8 1.3 Sp I gf Id., Vt. 
S- 4-R 7.2 1.7 1.3 Tokio, N.D. 
S-25 7.2 1.7 1 .2 Keld, Manitoba 
S-26-R 6.9 1.5 1.3 MeITitt, B.C. 
s- 7 6.8 1.8 1.3 Sp I gf I d. , Vt • 
S-33 6.7 1.8 1.3 Che boy. ,Mich. 
S-10 6.7 1.7 1.3 Sp I gf I d. 'Vt • 
S- 2-R 6.7 :i~5 1.5 Cheboy. ,Mich. 
S-21 6.6 1 . 8 1.4 Keld,Manitoba 
S-29-R 6.6 :)..o4 1.3 Republ. ,Wash. 
s- 6 6.5 1.9 1.2 Sp I gf I d. , Vt • 
S-12-R 6.5 1.4 1.4 Well' ton, Utah 
S-15-R 6.5 1.3 1.3 Campo, Calif. 
S- 5-R 6.4 1.4 1.2 Repub}.,~, Wash 
S-13-R 6.2 1.8 1.5 Leonard,N.D. 
S- 3-R 6.2 1.4 1.3 Harnar, ND. 
2.1 
Republ. . . . . . . . . . . Republic • 
Sp 1gf 1d. . . . . . . . . . . Springfield • 
Two Har. . . . . . . . . . Two Harbors • 
U1dw 1d. . . . . . . . . . . Underwood • 
Well 1ton. . . . . . . . . . Wellington • 
Ratio of Widest Style Width to other Style Regions 
Table II shows the relation of the widest style width to the 
other organs, but as. t he widest width and t he apical process are quite 
similar in si ze, t he ratio was only slight. 
Again a gradient was observed throughout t he specimens. The 
variations among the specimens from the same locality were as great 
as ot hers from widely separated localities. Since tre style width 
is the most constant feature it was used here to attempt to show a 
greater grouping of the insects from the same areas; however, this 
had little effect on altering the diversi t y of tmir r elative size,, 
and location on the tables. 
Ratio of Widest Style Width to Aedeagus 
The ratio of the aedeagus was the most variable internal 
structure, and even within those specimens that were alike in three 
other characteristics, the aedeagal ratio was often in extremes. 
Some consistency was found in this group in tm specimens from the 
western region (i.e., those that were in between the Pacific Coast 
and the central states). In Table III, the comparison with the 
TABLE II 
RATIO OF WIDEST WIDTH OF STYLE TO APICAL PROCESS AND STYLE 
LENGTH IN SHORT-CROWN SERIES: ARRANGED 
IN DESCENDING ORDER OF APICAL PROCESS 
Spec . No. Apical Process Sty le Length Location 
S- 27-R 1.8 6.5 Cooley, Minn. 
S- 35 1 . 7 6. 9 Cheboy., Mich. 
S- 34 1.7 7 .1 Cheboy., Mich. 
S-18 1 . 7 6.5 Brule, Wis . 
S-30-R i .,1 6.5 G 'dr .R. ,Mich. 
S- 31 1.7 6.4 Che boy., Mich. 
S- 32 1.7 5.7 Che boy., Mich. 
s -16 1.7 6,i l Brule, Wis . 
S-19 1.6 6.2 Brule, Wis . 
S-14-R 1.6 6.2 Che boy., Mich• 
s - 20 1.6 6.1 Brule, Wis. 
S-17 1.6 6.o Brule, Wis. 
S-28-R 1.6 5.9 Two Har. , Minn. 
s- 6 1.6 5.5 Sp'gf'd., Vt. 
S- 1-R 1.s 6.4 Wash. Co . , Ark. 
S-25 1.5 6.1 Keld, Manitoba 
S-11-R 1.s 6.1 Br 1t .Wds.,N .H. 
S-24 1.5 5.4 Keld, Manitoba 
s- 9 1.Lr 5.6 Sp'gf'd., Vt. 
S-23 1.4 5. 5 Keld, Manitoba 
S-33 1.4 5 .1 Che boy. Jvf..ich. 
S-22 1.3 5.4 Keld, Manitoba 
S- 4-R 1.3 5.4 Tokio, N.D. 
s- 7 1.3 5.2 Sp I gf I d. , Vt • 
S-10 1.3 5.1 Sp I gf I d. , Vt • I 
S-21 1.3 4.9 Keld, Manitoba 
S- 5-R 1.2 4.1 Leonard, N .D. 
S-26-R 1.1 5.3 Merritt, B.C. 
S-29-R 1.1 5.1 Republ., Wash. 
S- 3-R 1.1 4.8 Harnar, N.D . 
S- 2-R 1.0 4.6 Cheboy., Mich. 
S-12-R 1.0 4.5 Well ' ton, Utah 






































RATIO OF WIDEST WIDTH OF STY?LE TO LENGTH 
OF AEDEAGUS I N SHORT-CRCMN SERIES 
Aedeagus Location 
3.1 CI dr. R., Mich. 
3.1 Sp 1gf 'd., Vt. 
3.0 Keld, Manitoba 
3.0 Cooley, Minn. 
3.0 Che boy., Mich. 
2.9 Keld, Manitoba 
2.9 Brule, Wis . 
2.9 Brule, Wis. 
2.9 Sp • gf I d. , Vt • 
2.9 Wash. Co. ,Ark. 
2.8 Sp' gf 1d., Vt. 
2.8 Br 1t. Wds. N.H. 
2.8 Brule, Wis. 
2.8 Brule, Wis . 
2.8 . Brule , Wis. 
2.8 Cheboy., Mich. 
2.8 Che boy., Mich . 
2.7 Cheboy., Mich. 
2.7 Two Har • , Minn. 
2.7 Cbeboy, Mich. 
2.6 Keld, Manitoba 
2.5 Cheboy., Mich. 
2.5 Republ., Wash. 
2.5 Merritt, B. C. 
2.5 Keld, .Manitoba 
2.5 Republ., Wash . 
2.4 Keld, Manitoba 
2.4 Che boy., Mich. 
2.3 Sp I gf Id.' Vt. 
2.2 Hamar, N.D. 
2.1 Leonard, N.D. 
1.8 Well 'ton, Utah 





former two tables, shows how the representatives from this area seem 
to remain near tre bottom of the table throughout, likewise, some of 
those from the definite areas have also remained, which could indicate 
that differences cruld exist in the species from tbe same locality as 
well as those in other geographical regions. 
Classification of Arcuate Vittae 
The classification of the arcuate vittae of the crown was 
the least promising character in the short-crown series. Only three 
specimens were in the conve,c dark marking group, five in the convey 
. no markings group, while tbe remainder were in the parallel group 
(Table IV). These color markings can be seen to have a diverse 
range, being represented in all t he areas fra.n where the insects 
were taken. The limited scope of t he problem end the small amount 
of insects dissected may easily explain why they were not more 
frequently represented. The markings, confusing at times, were 
difficult to recog~ize, and it required more time to place them in 
groups than it did to place the groups in order by the linear 
measurements. 
Long-Crown Series 
Ratio of Narrowest Style Width to Other Style Regions 
The same procedure that was used in the short-crown series 















































series, were the results in tbis group. The insects from the specific 
areas showed a diversity paralleled with the short-crown series. Ran--
dom selections were distributed throughout the ratio range and it be-
came evident that they were insignificant for comparisons. Noticeable 
was the fact that the long-crown series style lengths were considerably 
shorter t han those of the short-crown series. The comparison of 
extremes showed that the shorter-crowns had the longer style length 
in comparison to those of the longer crowns. The style length ratio 
in the short-crown series ranged from 8.9 to 6.5, while in the long-
crown group the ratior length was only 7.5 to 6.1. The apical 
processes did not vary, nor were the widest widths of significant 
differentiations. The Douglas County, Kansas, specimens tended to 
remain within a .4 range, but the one exception that was out of the 
range may have been from a differ ent area than the other five 
(Table Va). 
In the arrangerrent of the ratios in style length t he conditions 
remained almost the same, showing the steady gradient that existed 
throughout the species (Table Vb). Maey from the Hecita, Oregon, 
locality were in almost i dentical groups; however, it was noticed 
that some were in extreme differences. Likewise the Haugan, 
Montana, region gave the same results with the extreme distances 
of the tabulation being represented, and this variation was almost 
two complete units in the size of the style ratio length, or 
approximately one-four actual length in linear measurement. 
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TABLE Va 
RATiIO OF NARROWEST WIDTJI OF STYLE TO APICAL PROCESS, STYLE 
LENGTH, AND WIDEST WIDTH OF STYLE IN LONG-CROWN SERIES; 
ARRANGED IN DESCEJ.\10:ING ORDER OF APICAL PROCESS 
Spec. No. Apical Process Style Length Widest Width Location 
L- 6-R 2.4 7.5 1.7 liftton, B .. C. 
L-24 2.3 7.8 1.4 Doug.Co.,Kan. 
L- 8-R 2.2 7.8 1.4 Sp I gf I d. , Vt • 
L-11 2.1 8.o 1.7 Haugan, Mont . 
L-14 2.1 8.o 1.3 Haugan, Mont. 
L-20 2.1 7.5 l.ll:. Doug .Co. ,Kan 
L-23 2.1 7.4 1.3 Doug.Co.,Kan. 
L-29-R 2.0 7.7 1.3 Arlington,Va .. 
L-3l 1 .. 9 1.9 1.2 Hope, B.C. 
L-21 1.9 7.6 1.4 Doug.Co.,Kap. 
L-22 1~9 7.1 1.3 Doug.Co.,Kan. 
L-19 1.8 1.3 1.)- Hecita, Ore. 
L-30 1..7 7 .o 1.2 Hope, B .. C .. 
L- 1-R 1.7 6.7 1.6 Knox, N.D. 
L- 2-R 1.7 6.6 1.3 Doug.Co. , Kan . 
L-27-R 1.7 6.1 1.0 G •. T. N.P.,Wy:.o . 
L-32 1.6 7.6 1.4 Hope, B.,c. 
L-13 1.6 7.3 1.3 Haugan, Mont. 
L-26-R 1.6 1.2 1.3 Hope, B.C. 
L-25-R 1.6 7.1 1.3 Mt.Home,Ida. 
L-15 1.5 6.6 1.3 Hecita, Ore. 
1-18 1.5 6.5 1.3 Hecita, Ore. 
L- 5-R 1.5 6.5 1.3 U1dw 1d,Wash. 
L-10 1.5 5.8 1.4 -Haugan, Mont. 
L-33 1.4 1.2 1.4 Hope, B.C . 
L-28-R 1.4 6.8 1.3 C 1yville, Ore. 
1-16 1.4 6.6 1.3 Hecita,Ore. 
L-17 1.4 6.5 1.3 Hecita,Ore. 
L- 7-R 1.4 6.5 1.4 Bozeman, MOnt o 
L-12 1.4 6.1 1.3 Haugan, Mont . 
L- 9-R 1.3 6.4 1.4 Hecita,Ore. 
L-34 1.3 6.1 1.5 Hope,B.C .. 
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TABLE Vb 
RATIO OF NARROWEST WIDTH OF STYLE TO APICAL PROCESS, STYLE 
LENGTH, AND WIDEST WIDTH OF STYLE IN LONG- GROWN SERIES; 
ARRANGED IN DESCENDING ORDER OF STYLE LENGTH 
Spec. No. Style Length Apical Process Widest Width Location 
L-11 8.o 2.1 1. 7 Haugan,Mont. 
1-14 8. o 2.1 1.3 Haug an ,Mont. 
1- 31 7.9 1.9 1.2 Hope, B.C. 
L- 8-R 7.8 2.2 1.4 Sp I gf I d. , Vt • 
1-29-R 7.7 2.0 1.3 .Arlington,Via.. 
1-21 7.6 1.9 1.4 Doug.Co.,Kan. 
L-32 7.6 1.6 1.4 Hope,B.C., 
L- 6-R 7.5 2.4 1.7 cytton, B •. c. 
L- 20 1.5 2.1 1.4 Doug. Co . , Kan. 
1- 23 7.4 2.1 1.3 Doug.Go.,Kan. 
L- 24 7.3 2. 3 1.4 Doug.Co., Kan . 
1-19 7.3 1. 8 1.1 Hecita, Ore . 
1-13 1.3 1.6 1. 3 Haugan,Mont . 
L-26-R 1.2 1.6 1.3 Hope, B .. C. 
1-33 7. 2 1.4 1.4 Hope, B.C .. . 
1- 22 7.1 1.9 1.3 Doug.Co .Kan. 
1-25-R 7.1 1.6 .1.3 Mt.Home,Ida. 
1-30 1.0 1.7 1.2 Hope,B.C. 
1-28-R 6.8 1.4 1.3 C 1yvi lie ,Ore. 
1- 1-R 6.7 1.7 1.6 Knox, N.D. 
1- 2-R 6.6 1.7 1.3 Doug.Co . Kan. 
1-15 6.6 1.5 1.3 Hecita,Ore. 
1-16 6.6 1.4 1.3 Hecita,Ore. 
1-18- 6.5 1.5 1.3 Hecita, Ore. 
1- 5-R 6.5 1.5 1.3 U1dw 1d.Wash. 
L- 7-R 6.5 1.4 1.4 Bozeman,Mont. 
1-17 6.5 1.4 1.3 Heci ta,Ore . 
1- 9-R 6.4 1.3 1.4 Hecita,Ore . 
L-27 6.1 1.,7 1.0 G.T •. N..P. Wyo . 
I.-12 6.1 1 .. 4 1.3 Haugan,Mont. 
L-34 6.1 1.3 1.5 Hope, B. C .. 
Ratio of Widest Style Width to Other Style Regions 
As shown in Table VI, the widest and narrowest widths are not 
usually proportional through the series. An example of t his is the 
single 11random11 -selected specimen from Grand 'l'eton National Park, 
Wyoming. The widest and narrowest regions were both 10 units wide, 
suggesting either an anoma]y, or a different variation from the 
general morphological appearance of t re group. The previous exai11ple 
of the Heci ta, Oregon, locality was "spread11 throughout the table 
when the rearrangenent was made, showing again tre inconsistency of 
the width (narrow and widest). 
Ratio of Widest Style Width to Aedeagus 
In this grouping of aedeagal length (Table VII) compared to 
style width ratios it was shown t hat the variati on was slightly 
longer in this series in comparison to the short-crowns eries, but 
t he aedeagus itself was in both series about the same length ( i.e., 
the longest being 40 units). 
Classification of Arcuate Vittae 
The long-crown series had a better representation of numbers 
per group than did its predecessor, the short-crown series, although 
still the ma j ority were in the parallel group. Encruraging was the 
fact that geographical distributions were more homogenous in this 
series. For example in the Haugan, Montana, locality, four were 
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TABLE VI 
RATIO OF WIDEST WIDTH OF STYLE TO APICAL PROCESS AND STYLE 
LENGTH IN LONG-CROWN SERIES ARRANGED 
IN DESCENDING ORDER OF APICAL PROCESS 
Spec. No. Apical Process Style Length Location 
L-27 1.7 6.1 G.T.N.P.,Wyo. 
L- 8-R 1.6 ·, .4 Sp I gf Id. ' Vt • 
L-19 1.6 6.4 Hecita, Ore. 
L-J.4 1.6 6.o Haugan, Mont. 
L-23 1.6 5.6 Doug . Co. ,Kan. 
L-24 1.6 5.2 Doug.Co.,Kan. 
L-31 1.5 6.5 Hope, B.C. 
L-29-R 1.5 5.9 Arlington, Va. 
L-22 1.5 5.7 Doug.Co. ,Kan. 
L-20 1.5 5.4 Doug. Co. , Kan. 
L-30 1.4 5.8 Hope, B.C. 
L-21 1.4 5.4 Doug.Co. ,Kan. 
L- 2-R 1.4 s .2 Doug. Co. ,Kan. 
L- 6-R 1.4 4.4 livtton, B.C. 
L-11 1.3 4. 7 Haug an, Mont. 
L-25-R 1.2 5.5 Mt.Home,Ida. 
L-26-R 1.2 5.4 Hope, B.C. 
L-18 1.2 5.2 Heci ta, Ore. 
L-15 1.2 5.2 Hecita, Ore. 
L- 5-R 1.2 5.o U1 dw 1d, Wash. 
L-13 1.1 5.5 Haug an, Mont • 
L-32 1.1 5 .4 Hope, B.C. 
L-16 1.1 5.2 Hecita, Ore. 
L-28-R 1.!IL 5.1 C 1yville, Ore. 
L-17 1.1 5.0 Hecita, Ore. 
L- 1-R 1.1 4.4 Knox, N.C. 
L-10 1.1 4.1 Haugan, Mont . 
L-1.2 1.0 4.6 Haug an, Mont . 
L- 7-R 1.0 4.6 Bozeman, Mont. 
L-33 .96 s.o Hope, B.C. 
L- 9-R • 93 4.6 Hecita, Ore • 




































RATIO OF WIDEST vJIDTH OF STYLE TO LENGTH 
OF AEGEAGUS IN LONG-CROWN SERIES 
Aedeagus Location 
3.5 Hope, B.C. 
3.0 Hecita, Ore. 
2.9 Arlington, Va. 
2.9 Doug.Co. ,Kan. 
2.9 Haug an, Mont. 
2.8 Haug an, Mont. 
2.8 Doug.Co. ,Kan. 
2.7 Hope, B.C. 
2.7 Hope, B.C. 
2.7 C 1yville, Ore. 
2.7 Hope, B.C. 
2.7 Doug.Co. ,Kan •. 
2.7 Haug an, Mont. 
2.7 U1dw 1d., Wash. 
2.7 Doug .co., Kan. 
2.6 G.T .N.P ., Wyo. 
2.6 Hecita, Ore. 
2.6 Hecita, Ore. 
2.6 · Hecita, Ore. 
2.5 ~ton, B. C •. 
2.4 Hope, B. C. 
2.4 Hecita, Ore. 
2.4 Hecita, Ore. 
2.4 Doug.Co., Kan. 
2.3 Sp I gf I d. , Vt. 
2.3 Haugan, Mont. 
2.2 Knox, N.D. 
2.2 Mt. Home, Ida. 
2.1 Hope, B.C. 
2.0 Bozeman, Mont. 
2.0 Haugan, Mont. 
2.0 Doug.Co. ,Kan. 
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represented in· the parallel;, no markings group. Douglas County, Kansas, 
had three of its five members in the convex group, showing some tend-
encies not seen in the forrrer series. Others may be seen to have the 
same t endencies to remain in the same marking categories (Table VIII). 
TABLE VIII 








































Both series have shewn a repeated tendency to possess a 
gradient in all the structures measured. No sharp demarcations 
were seen, either in form, measurement, or geographical distribution, 
but the contirmous tapering d~Illl to a smaller size was prevalent. 
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The ratio of the parts measured were in general much the same, but in 
some a slight difference was seen. These differences were the style 
length in proportion to the narrowest width; the widest widths in 
proportion to the narrowest -width; and the aedeagal length in pro-
portion to the widest width. In classifying the arcuate vittae, t he 
long-crown series were much more consistent, ani gave some indication 
of a valid characteri stic that could be used successfully in a more 
extensive survey . 
The comparison of linear measurement, in ocular micrometer 
units is shown in Figure 9. The apical process, narrowest style 
width, and length of aedeagus in t he long-crown series tend to be 
smaller; whereas, the style length, and the widest style width, tend 
t o be longer t han those of the short-crown series. 
Table IX is a potential ar rangerrent so that the descending 
order of all the lengths is proportional, or as feasible as is 
possible. This tentative table has many misplaced specimens, but 
i s used only to shew a possible arrangem:int. 
Short-crown Series Long-cr own series 
Character Mean Extremes Mean Extremes 
Length of Apical 
Process 19.35 25. -- 12. 16.72 24. -- 13. 
Length of Style 76.67 92. -- 55. 80.81 86. -- 58. 
Length of widest 
style width 13.56 16. -- 12. 16.50 17. -- 9.0 
Length of narrowest 
style width 10.45 12. -- 9.0 9.74 11. -- 8.o 
Length of aedeagus 35.79 41. -- 21. 33.37 40. -- 26. 
Fig. 9. Comparison of the variabi lity of t he five internal 
systematic char acters used i n both series. 
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TABLE IX 
RATIO OF NARRO'W""EST WIDTH OF STYLE TO APICAL PROCESS, STYLE 
LENGTH, AND WIDEST WIDTH CF STYLE I N SHORT-CROWN SERIES; 
ARRANGED I N A POSSIBLE DESCENDING ORDER OF ALL LENGTHS 
Spec. No. Apical Process Style Length Widest Width Location 
S- 31 2.4 809 1.4 Cheboy., Mich. 
S-30-R 2.2 8.4 1.3 C 'dr. R. , Mich. 
S-28-R 2.2 8.3 1.4 Two Har., Minn. 
S-34 2.2 8.4 1.2 Cheboy., Mich. 
S-16 2.1 8.2 1.4 Brule, Wis. 
S- 1-R 2.0 8.2 1.3 Wash.Co.,Ark. 
S-35 2.0 802 1.2 Cheboy., Mich; 
S-23 2.1 8.o 1.4 Keld, Manitoba 
S-32 2.3 7 .8 1.4 Che boy., Mich. 
S-27-R 2.1 7.6 1.2 Cooley, Minn. 
S-17 2.0 1.6 1.3 Brule, Wis. 
s-20 2.2 7.8 1.3 Brule, Wis. 
S-22 1.9 8.4 1.6 Keld, Manitoba 
S-24 2.0 7.3 1.4 Keld, Manitoba 
S-14-R 1.9 7.3 1.2 Che boy., Mich. 
S-19 1.9 7.4 1.2 Brule, Wis. 
s-18 1.9 1.1 1.2 Brule, Wis. 
s- 6 1.9 6.5 1.2 Sp I gf Id. , Vt. 
S-ll-R 1.8 1.5 1.2 Br •t. Wds. ,N .H. 
s- 9 1.8 7.3 1.3 Sp'gf 1d., Vt. 
S - J4i-R 1. 7 7.2 1.3 Tokio, N.D., 
S-25 1.7 7.2 1.2 Keld, Manitoba 
s- 7 1.8 6.8 1.3 Sp 1gf 1d.,Vt. 
S-33 1.8 6.7 1.3 Cheboy., Mich. 
S-21 1.8 6.6 1.4 Keld, Manitoba 
S-10 1.7 6.7 1.·3 Sp 1gf'd., Vt. 
S-13-R 1.8 6.2 1.5 Leonard, N.D. 
S-26-R 1.5 6.9 l.J Merritt, B.C. 
S- 2-R 1.5 6.7 1.5 Cheboy., Mich. 
S- 3-R 1.4 6.2 1.3 Hamar, N.D. 
S- 5-R 1.4 6.4 1.2 Re2ubl. Wash. 
S-12-R 1.4 6.5 1.3 Well 1ton, Utah 
S-29-R 1.L~ 6.6 1. 3 Republ., Wash. 
S-15-R 1.3 6.5 1.3 Campo, CaJif. 
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DISCUSSION 
From the investigated species maey variations have been shown, 
and the proportional differences of maey of the specimens have shown 
that their variations were not consistent, nor could they be cor-
-related geogr aphica lly. It must be realized that many factors could 
have been possi ble to cause these inconsistenc~es, and that the wide 
distribution of the insect, which makes its home in many varied habitats, 
was probably one of the prime factors. These small-scale evolutionary 
changes -and unaccountable differences depend, according to Huxley 
(1940), first on selection, secondly on isolation, and th i rdly on 
intrinsic factors, including hybridization. All of t hese are extremely 
necessary, and the variations ensuing can be i mmense. 
Selection may be reduced by isolation and ot her geographical 
barriers. The ecological condit i ons ma;y be so favorable in an area, 
t hat it does not warrant any change sought by the insect, and from 
these small groups may arise a single or multiple differentiation 
after a prolonged period. other recognized forms of isolation are 
physiologic and genetic. Perhaps the one shown most diagrammatically 
i s the physiological isolation of various phytophagous insects and 
parasites which rn.ay remain remazkably distinct, and yet show only a 
bare minimum of morphological differences. According to Thorpe (1939) 
the extremes of these cases are their refusal to hybridize, or if 
this is eventually affected, infertile offspring are produced. 
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Thorpe also points out that Storey has shown that the leafhopper, 
Cicadulina mbila Nande' comprises two different races which can be 
distinguished only by the differences in their ability to transmit 
the virus of "streak disease" to maize. One race can transmit the 
disease easily, while for the other this is quite impossible. No 
morphological differences whatever could be found, and it was shown 
that the ability to transmit the disease was inherited as a sex-
linked dominant. 
Whether the investigated species had genetic barriers is 
unknown, as this taxonomic endeavor was purely a morphological one; 
however, it is strongly believed that ecological and geographical 
barriers have played a major influence on the divergent gradient 
Sflown. Huxley ( 1940) points out that border-line cases do exist 
where a chain of forms, each at least subspecifically nameable, but 
all connected by intergrading zones of interbreeding, is con;!>inued 
so far that its extremes would be immediately named distinct species 
i f the intermediates did not exist, and would doubtless behave as 
such if tested genetically. He believes that failure to interbreed, 
or to produce fertile offspring is the nearest approach to a positive 
criterion. 
The inability to find distinctive groups makes it difficult 
to classify the specimens into separate divisions, and the rapid 
advances in systematic procedures have shown how such a distinction 
would be arbitrary. In view of the large gradient, and some minor 
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differentiations of the systematic characters used, it is believed , 
that the existing condition of the species does not warrant a.ey 
appre ciable change from the present status. 
SUMMARY 
A study of seventy male specimens from various geographical 
distributions was made to detennine whether varietal differences 
could be distinguished by morphological means. The insects were 
divided into two groups by the lengths of their crowns, and thus 
treated as two separate series. The style, tl:e apical process of 
the style, and the aedeagus were used as genital characters. Axcuate 
vittae of the crown were used as an external taxonomic character. 
The ratio of t he narrowest style width, and the apical 
process in the short-crown serie s varied from 2.4 to 1.3 units 
wi th a gradient of intermediates. The sty~e~ length ratio varied 
f r om 8 .9 to 6.2 units, while the widest width of the style varied 
only from 1.6 to 1.2. The style length and the apical process 
decreased proportionally while the width of t he style remained 
about the same throughout. 
In the long-crown series, the same gradient and proportional 
decreases were observed. The ratio of the apical process was also 
from 2.4 to 1.3, while the style length ratio was 8.9 to 6.1. The 
widest width varied more than in the fonrer series, being lo 7 to 
1.0. The above were all in ratio to the narrowest style width. 
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